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Abstract:
A study has been made to investigate the mechanism of
dezincification and elelctrochemical behaviour 70/30 brass in sulphuric
acid in absence and presence of Zinc Organa Alnino Phosphate (lOAP)
inhibitor using the weight loss method, solution analysis and
electrochemical technique. Attacked surfaces were analyzed by optical
metallography and X -ray analysis.
Results showed that 20 AP inhibitor is able to minimize the rate of
dezincification due to the fonnation of a C 4flQ {NH 2 )4 Zn3 (P3 010)29H20 complex compound on the meta] surface.
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lntroduction :
In the field of non-ferrous alloys, the subject of dealloying is of
current interest because its scientific as well as industrial applications.
Dezincification is one of the well - known de-alloying process by means of
which brass loses the valuable physical and mechanical properties leding
of the total failure of stnlcture (I). Dezincification may take place either in
localized regions (plug type) or unifonnally over the whole surface (layer
type) (2~ 3). Tlrree mechanisms of dezincification (4) have been proposed :
(l) preferential dissolution of zinc from the alloy.
(ii) simltaneous dissolution of copper and zinc followed by the
redeposition of spongy copper, by cathodic reduction of cupric ions in
solution, on the surface of the aJloy.
(iii) dezincification by both the above mechanisms operating
siInultaneollsly.
Sugawar and Ebiko (5) have studied the dezincification of brasses
by means of a potentiostat and all electron probe rnicroanalyser and
obseIVed that the electrochemical behaviour of the a. and a. + ~ phases of
brasses are essentially siInilar to those of copper in 3.5% NaCI solution.
They have reported that the dezincification is mainly due to the
redeposition of copper. Langenegger and Robinson (6) observed a linear
relationship between the rates of dezincification and specimen potential,
and they have supported the preferential dissolution of zinc theory. Abbas
(7) investigated the effect of tel11perature on the dezincification and
corrosion of 70/30 brass in 0.5 M H2 S0 4 and reported that dezincification
of 70/30 brass takes place by different l11echanisms depending on
temperature. In general, NaCI, HN0 3 , Hel and H2S04 sblutions have
been used to study the dezincification of brasses.
Many organic compoWlds have been used as corrosion inhibitors for
brasses in different media, of theses zinc organo runino phosphate.
(ZOAP), has shown a greater inhibitive efficiency when used in water
treatment for heat exchangers.
Investigation of dezincification and electrochem.ical behaviour of
brasses in H2S04 has the practical applications of estimating the corrosion
properties of heat exchangers which operate in atolJlospheres contaminated
with SO] (7). Thus the present lllvestigation is concerned with the study of
the mechanism of dezincification of a... brass and the inhibiti ve action of
Zinc organa amino phosphate (lOAP) on the corrosion rate of CJ..- brass in
0.5M H2S04 solution.
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Experimental:

To study the mechanism of dissolution of brass in 0.5 M H1 S04
solution and to study the effect of inhibitor. two sets of experiment were
done.
a) Study of the corrosion and inhibition behaviour by weight loss method

and solution analysis to detennine the concentrations of eu and Zn in
solution.
b) Study of electrochemical behaviour of brass in 0.5 M H2 S0 4 • with and
without inhibitor, with the heJp of a poteutioscan.
Determination of inhjbitive efficiency:

SampJe of cylinderical shape, 1.5 and 1 em in diameter and height
respectively, were cut from a commercial grade brass bar (70 eu - 29.9 Zn
~ 0.07 Fe - 0.03 Pb). A small hole was drilled at the upper edges of the
samples for hanging them with nylon thread in the solutions. The samples
were polished, successively with 400, 500 and 600 grades of elnery papers
and then throughly cleaned with water and acetone. The experiments were
conducted in 200 ml conical flask containing 150 mJ of 0.5 H2S04 and
with 0.0, 0.2, 0.5, 1.2 ml/liter concentration of inhibitor. The weight losses
were detennined after removing the corrosing products from the specimens
by immersing them in 150/0 He} for 5 min and then washing them
throughly with distilled water and drying. Al1 experiments were carried out
at 25 ± 2°C. Inhibitive efficiency was caluclliated using the equation
a -b
E = -----X 100 % [2]
(1)
a
Where :
E = percentage inhibiti ve efficiency.
a = weig!It loss in 0.5 fl..2S04 solution
b = weight loss in 0.5 H2S04 solution containing the inhibitor.
Solution analysis :

Solutions were analysed with A - 475 atomic absorption
spectrometer. The instnunent was standarized using solutions of known
concentration; a lllu1itnuln of 10 readulgs for each analysis was taken and
the average value has been reported. The dezincification factor (Z) is
defined by [2] .
Rs
Z

= -~---Ra

Where:

Rs == ZnlCu ratio in solution.

(2)
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Ra = ZnI Cn ratio ill the aHoy.
The Zn I CLL ratio (Rs) in the solution was detennined by chemjcal
analysis of the solution and the ratio of Zn j eu in the alloy (Ra) obtained
from their percentage weights in the alloy.

Open circuit potential and polarization measurements:
A wenking potentioscan model POS - 73 was used for monitoring
the corrosion potential of the brass as well for potentiostatic ploarization
measurements. The open circuit potential of brass against a saturated
caJomel electrode was continuously monitored using the potentioscan.
Potentiostatic polarization CllIVes were obtained manually starting from
the steady potentiaL A p]atinum connter electrode was used.

Surface analyses of attacked metal:
Corroded IDetal was analyseu by two methods
metallography and X-ray diffraction analysis.

optical

Results:
Inhibitive efficiency:

:n

FrOID table
and Fig. (I) it is clear that ZOAP gives 86%
efficiency at its optimum concentration of IlnlfL. In Fig.2 the percentage
inhibitive efficiencies of ZOAP inhibitor is plotted as a fiU1ction of
immersion period, The maximum efficiency was reached after 24 hrs
i.1lunersioll, after which the efficiency decreased [Fig.(2) and table fII}].
Tlus may be due to the dissolution of a complex protective film from the
metal sluface. The lower i.nh~bitive efficiency of the compounds prior to 24
hrs may be due to the presence of an imperfection complex protective film
on the smface of the metal not capable of llllubiting the dissolution of zinc
and copper ions frOID brass.
The effect of inhibitor at different concentrations on copper and zinc
dissolution is shown in Fig.(2). ZOAP mainly inhibits zinc dissolution, it is
not very effective in the case of copper which shows that ZO AP is able to
Ininimize the rate of dezincification.

Dezincification:
Equation (2) was used to calculate the dezincification factor (Z)
from the solution analysis data obtained for solution contailung ImllL
ZOAP. Fig. (3) shows the dezillcificatioll factors obtained for without and
with ZOAP containing I mIlL solutions. For free ZOAP solutions the
dezinci."fication factor is high in the initial period due to the preferential
dissolution of ziuc, which gradually decrease with time until Z becomes
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unity, suggesting that both copper and zinc ions are going into solution at
the same rate (7). On the other hand solutions containing ImjlL lOAP
shows a lower dezincification indicating a lTIuch low dissolution of zinc.

Open circuit potential:
The corrosion potential of brass 70/30 in 0.5 M H2 S04 solution
without and with 0.2) 0.5, I and l.2 milL lOAP at 25±C was recorded as
a fimction of time and results are given in Fig. (4). TIlis shows that the
potentiaC irrespective of inhibitor concentration, shifts with time to the
nobbler direction before attaining a stable, steady maximum value.
Generally initiaJ as well as steady potentials became more positive as the
content of lOAP increased up to ] %. However 1.2 ml/L more or less
shows the same effect as I m1IL ZOAP.
The general shift of steady state potential in the nobbler direction
indicates greater polarization of the anodic than cathodic processes at the
brass surface with increasing ZOAP concentrations.

Potentiostatic polarization:
The anodic polarization and the cathodic poJarization CUlVes in the
absence and wlth presence of ZOAP inhibitor at different concentrations
are shown in Fig. (5) and Fig. (6). TIle polarization curve of a- brass ill 0.5
M H2S04 solution without inhibitor shows two passive reglons, primary
and secondary, which are suggested to be due to the fonnatlon of cuprous
oxide and cupric oxide films respectively [7]. Moreover Fig.(5) shows that
as the inhibitor concentration is increased lip to I % mIlL anodic
polarization curves shift towards lower current densities. ZOAP shews
max1Inum passivation in the primary passivation region and above this
region it does not inhibit the corrosion of brasses. It is supposed that
lOAP fonns a stable complex witll zinc and tlUlS gives protection ill the
primary passivation region hence ZOAP is not effective inhibitor in the
higher potential region. The small indication of a secondary passivation
region obtained in the presence of ZOAP may be due to the formation of
CuO fihn. TIle corrosion current density computed by a rough
extrapolation of cathodic and anodiC curves indicates that the corrosion
current decreases with increasing the lOAP in 0.5 lYr Hl S04 solution
table (ITl}. Generally the results obtained by potentiostatic polarization
technique are in good agreement with those obtained by weight loss
method.
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X-ray analysis:
Fig. (7) shows the result of X-ray diffraction analysis of brass
surface exposed to solution without and with ZOAP inhibitor ( llIIlIL) for
24 hrs. It is clear- that a complex compound of C4H6 (NH2)4 Zn3 (P3
010>2. 9H20 is fanned 011 the metal surface.

Microscopy:
In the presence of ZOAP in.hibitor a thin black fibn has been
observed on the surface of the specimens. Tins confirms that the in.hibition
is due to the formation of some complex film with metal ions.

Discussion:
Gupta and others [2] showed that the orgaruc inhibitors act as
proton acceptors, releasing H+ ions into the sulphuric acid soJution and
forming an organo Inetallic complex layer with the metal ions on the
surface of the meta], thus inhibiting the corrosion.
In ZOAF, the Amino group acts as the reaction center, on which is
fanned a complex with the metal ions. The prunary passivation in the
presence of inhibitor is supposed to be due to the formation of cuprous
oxide film along with a stable zinc complex and, on fiuther increasing the
anodic potential the inhibitive effect of ZOAP becaInes insignificance.
Generally, the dezincification factor decreases in presence of ZOAP.
The dissolution of 0.- brass in 0.5 M H 2 S04 solution without or with
hnllL ZQAP is schematically represented in Fig. (8) which has been
compiled with the help of publicated data. [2~ 7].

Conclusion:
From the present study the foUowing conclusions can be drawn:
1- ZOAP is effective inhibitor for 70/30 brass in 0.5 M H 2 S0 4 solution
and its inhibitive efficiency reaches maximmTI value of 860/0 at its
optimum concentration of 1mlIL.
2- The inhibitive action of lOAP is due to the fonnation of a protective
complex film mainly with zinc metal ions on the surface of the allay.
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Table (I): Effect of inhibitor concentration on Inhibitive efficiency
towards 70/30 brass in 0.5 M. H2S04 at 25 ± 2°C. after
48hrs.
Inhibitor
concentration

Weight
Loss

nlllL

Ing

l ~ Without inhbitor
2- With inhibitor
a- 0.2
b - 0.5
c - 1.0

d - 1.2

Solution analysis

eu

Efficiency

Efficiency Dezj nciticatio n
factor (Z)

ell

Zn

1.3

--

--

52
62

3.2

0.97
0.90
0.57

65

52
86

8.6

68

1.06

56

Zn

mgIL

nWL

13

42.7

24.0

--

8.5
6.2
1.8
4.1

20.4
16.3
13. t

8.5

35

6.3

19.0

74
87
64

69

Table (II): Variation with time of eu alld Zn dissolution frOlD 70/30 brass
in absence and presence of ZOAP inibitor.

Time

I mI ZOAP IL

0.5 M H2SO4

hrs

Cu
mgl1

ms.!L

2
8
16

2.6
4.65

8.29
11.6

14.4

18.6

24
36
48

28.1
51.2

25.0

38.7

63

38.l

Z

Zn

12.0
5.8
3.01
2.07
1.76
1.4

eu

Zn

~gIL

mgfL

l.6
2.6
6.7

3.69
3.8
4.3
2.0
3.2.

5.38
3.41
1.18
0.44
0.35

4.5

0.35

10.5

20.9
30.2

Z

Eficien0'_
Zn

Cu
39

S5

44

68

53

82

63

<»)

59

92

52

88

Table (III): Effect of inhibitor concentrations on some electrochemical
parameters towards 70/30 brass.
Series

12-

Inhibitor
co ncentratio n
mVL
without inhibitor

mAlCm 2

[corr

Ecorr
mV (SeE)

lent.
mAfCm 2

0.038

- 160

2.5

0.025
0.021
0018 .
0.020

- 120
- 70
.... 30
+20

2.2
0.52

lOAP
(a) 0.2
(b) 0.5

(c) 1
(d) 1.2

0.51
0.60
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Fig 1:Effect of inhibitor concentration on inhibitive efficiency towards 70/30 brass in
0.5 M H2S04 solution at 25 ± 2Cl C after 48 hrs
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Fig. 2: Variation of inhibitive efficiency with immersion time towards 70/30 brass in
0.5 M H2 S04 solution with 1 mJ inhibitor concentration at 25 ± 2°C.
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Fig. 5: Potentiostatic anodic polarization curves for 70/30 brass in 0.5 M H2 S0 4
solution without and with different concentrations of inhibitor.
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Fig. 6: Potentiostatic cathodic polarization curves for 70/30 brass in 0.5M H2 S0 4
solution without and with different concentrations of inhibitor.
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Schematic diagrams showing mechanism of dissolution of a.-brass in O. S M

H2S04.
(a) without inhibitor

(b) with ZOAP (I mVL) inhibitor.

